Abstract. Chronic stress and protein-energy malnutrition (PEM) are both social problems resulting in physiological and behavioral alterations. In this present study an associative effects of PEM and chronic stress were evaluated through in Wistar rats. Four groups were established: standard diet-19% of protein (Std); Std + stress; PEM-6% of protein and PEM + stress. In these groups were assessed physical, nutritional, hematological, histological parameters and anxiety-like behavior. There were a reduction of food intake, body mass and relative weight of the heart and thymus in the PEM group. The liver of the PEM animals presented a degenerative condition with steatosis and Kupffer cell hypertrophy and, additionally, a significant decrease in hematocrit percentages, in the number of red blood cells and in the concentration of hemoglobin and total protein. In those animals under stress and Std diet, there was observed an increase of the relative adrenal weights, an acute condition of leukocytosis with a predominance of neutrophils and an increase in the anxiety-like behavior. There was no overlapping/interaction among the anthropometric, biochemical, hematological and histological effects using PEM and stress in Wistar rats. The effects observed under experimental condition were those related to either PEM or stress, independently.
Introduction
Considerable changes have been observed in human behavior as a response to the dynamic stimuli of the modern world and, consequently, the busy life [1, 4, 5] . Chronic stress emerges as a frequent social problem that results from a certain condition and/or lifestyle, leading to an ample group of behavioral alterations [2, 3, 6, 7] . Among these, changes in eating behavior stand out as a consequence of the interaction between the body physiological state and environmental conditions [3] .
However, eating more does not mean eating well. The improper supply of nutrients, as evidenced in situations of protein-energy malnutrition (PEM) still has consisting a serious health problem. The study of Monte [8] pointed out that despite a recent reduction in the world prevalence, child PEM is a major public health problem in developing countries. In developing countries, an estimated 50.6 million children less than 5 years old are malnourished, and those who are severely malnourished, presenting a severe illness leading to hospitalization, face a case-fatality rate exceeding 20% [9] . Mortality rates of severely malnourished children treated as patients have been unchanged for the last five decades. In the early 1990s, prospective studies conducted in Asia and Africa, using data from eight communities, Pelletier et al. [10] estimated a relative risk for mortality associated with different degrees of child PEM as 2.5, 4.6 and 8.4 for mild, moderate, and severe malnutrition respectively. PEM is responsible, directly or indirectly, for 54% of the 10.8 million deaths per year in children less than 5 years old and contributes to second cause of death (53%) associated with infectious diseases among children less than 5 years 5 years old in developing countries [11] .
More recent studies have demonstrated that PEM still haunts different parts of the world and different population groups [12] [13] [14] [15] , especially in developing countries. Moreover, chronic stress experienced by populations is not restricted to developing countries and, therefore, coexists with PEM in many populations, persisting as a worrying social factor that leads to both physiological and behavioral alterations in humans [16] and animal models [17] .
In spite of this, studies on the combined effects of chronic stress and PEM situations on organic parameters in model animals are still scarce. Most of them analyze social behavioral aspects [18] instead of organic changes, in particular physiological, histological, biochemical and behavioral alterations [19] . Thus, there is a lack in knowledge regarding the factors that can possibly be altered in situations where there is a stress/PEM overlap.
Specifically regarding PEM, negative impacts have been evidenced on the immune response to infections [20] [21] [22] , to the responsiveness to vaccines [23, 24] and to medication [25] . So, based on these previously data, new investigations are needed to understand the combination of a persistence stress and PEM. In this sense, the objective of the present study was to evaluate the effect of combination of PEM and chronic stress model on behavioral, anthropometric, biochemical, hematological, histological in confined Wistar rats.
Material and Methods
Thirty-day old male Wistar rats (45-65 g), were randomized by weight and housed, individually, in polypropylene material cages (49 × 34 × 16 cm) at Animal facility of the Laboratory for Biological Research of the Instituto Federal Goiano-Campus Urutaí, Goiás, Brazil. All animals were kept on a standard 12-hour light/dark cycle (lights on at 7.00 a.m. and lights off at 7.00 p.m.), in a temperature-controlled environment (22 ± 2 ∘ C) and food and water were offered ad libitum. All procedures were approved by the Institutional Committee for Animal Care and Use of the Instituto Federal Goiano, Goiás, Brazil (protocol n. 003/2014) in accordance with the Guide for the Care and Use of Laboratory Animals, 11th edition and with Brazilian guidelines involving use of animals in research. Vigorous attempts were made to minimize animal suffering and decrease external sources of pain and discomfort, as well as to use only the number of animals that was essential to produce reliable scientific data.
From weaning at 21 days of life to the 30 th day, the animals were fed with rodent standard feed (Nuvilab-CR1), containing 19% protein. After that, the animals were distributed in four experimental groups: standard diet (Std); Std + stress; PEM diet (PEM) and PEM + stress.
PEM and PEM + stress animals started this new diet at 30 th day of life and Std and Std + stress groups were fed with rodent standard feed (Nuvilab-CR1) containing 19% protein until the end of the experiment. The rodent standard feed rigorously followed the recommendations of the Reeves et al. [26] (AIN-93G-MX and AIN-93-GX). PEM and PEM + stress groups received the same diet as the control animals, but with a lower percentage of proteins (hypoproteic diet -6% protein, produced by PragSoluções Comércio e Serviços Ltda.-ME-Jaú, São Paulo, Brazil). The other food constituents also obeyed the recommendations of the Reeves et al. [26] (AIN-93G-MX and AIN-93-GX). Each experimental group was composed of six animals, and two experiments were conducted independently, totalizing twelve animals per group.
After 56 days, Std + stress and PEM + stress groups were subjected to a protocol of chronic stress by restriction, as proposed by Ely et al. [27] . In order to limit the animal's movements, a plastic tube (25 cm × 7 cm) was used, with the frontal part open to allow breathing. The animals were subjected to the stressor agent for an hour in the afternoon (from 1 p.m. to 3 p.m.), for five days a week, during 50 days. The selection of this model was based on several recent studies [28] [29] [30] [31] [32] .
Body weight was the parameter taken as indicative of PEM and was measured weekly by means of a semianalytical digital scale. The daily consumption was calculated by subtracting the leftovers from the total amount of food offered per day. Liquid intake was not measured.
At the end of the stress protocol, according to the schedule shown in Figure 2 , the animals were subjected to tests for the assessment of the anxiety-like behavior by elevated plusmaze test. The maze was composed of two open arms (50 × 10 cm) (with "rims" on the edges) and two closed arms of the same size with 30-cm high walls. The whole maze was 50 cm high from the floor. Two lamps illuminated the apparatus indirectly and light intensity was approximately 110 lx in the open arms. The rats were placed individually in the center zone of the maze, facing an open arm, and allowed five minutes of free exploration. All rats were tested just once. Before each test, the arena was cleaned with 70% ethanol. The anxiety index was calculated according to Estrela et al. [32] After the behavioral test, the animals were anesthetized with an intraperitoneal injection of 40 mg/kg pentobarbital, to collect blood. Blood samples were placed in tubes without anticoagulant, after fasting for 12 hours, being 3 mL collected after breaking the brachial artery. The serum total protein was determined by the biuret method, using the commercial kit from Labtest Diagnóstica S.A.®, Cat. 99 (Lagoa Santa, MG, Brazil). Blood glucose was determined using test strips (ACCU-CHECK Advantage II, Roche) coupled to a portable digital blood glucose meter.
The erythrogram and total and differential leukocyte counts were determined using the automatized ABX Micros 60 hematology analyzer, according to Estrela et al. [33] . For these analyses, 1 mL blood was collected in 5 ml test tube containing EDTA-type anticoagulant.
Subsequently, the animals were euthanized and the brain, spleen, heart, pancreas, liver, thymus, lungs, adrenal glands and kidney relative mass were weighed. The mass of the organs was normalized to the body weight using the following formula: weight of the organs (g)/body weight (g). As a stress parameter, we analyzed the relative adrenal gland weight, according to Macedo et al. [31] .
For the histopathological evaluations, liver (important metabolic organ) and stomach (based on the hypothesis that chronic stress and PEM can induce the appearance of erosive lesions and ulcerated gastric mucosa associated with these stressful conditions) were collected and fixed in 10% buffered formalin, embedded in paraffin blocks and thin-sliced to 5 m thickness [34] . The hematoxylin and eosin staining technique (HE) was used, following Behmer et al. [35] . The thinsession descriptions were carried out using a bright-field Carl Zeiss®optical microscope, model Jenaval, in order to compare the tissue structures of the organs removed from animals of the different experimental groups.
For the analysis of body weight variations along the experimental period, the repeated measures analysis of variance (ANOVA) was used, with Tukey post-test at 5% probability, when indicated. The data related the other parameters were subjected to ANOVA, according to the factorial model 2 × 2 (two-way ANOVA), the factors being "nutrition" (Std and PEM) and "condition" (non-stress and stress) and Tukey post-test was performed at 5% probability, when indicated. The residual normality was checked with the Shapiro-Wilk test. Bartlett test was used to check the residual homoscedasticity. The software ASSISTAT was used in the statistical analyses.
Results
Regarding body weight from the second week, those PEM and PEM + stress groups presented less weight gain in comparison to Std and Std + stress groups ( Figure 3A) . This difference remained to the end of the experiment without significant difference between Std and Std + stress and PEM and PEM + stress groups, showing that the stress condition imposed to the animals did not interfere in gain or loss of body weight. Malnourished groups (PEM and PEM + stress) presented a decrease in intake of the diet imposed to them ( Figure 3B ).
Regarding the relative organs weight, there was statistically significant interaction between the factor 1 "nutrition" and factor 2 "condition". However, there was a decrease in relative thymus weight and increase in relative heart weight in malnourished animals (groups PEM and PEM + stress) ( Table 1) .
The malnourished animals presented a decrease in red blood cell counts and hemoglobin concentrations, as well as in the hematocrit percentage. The effects of the factor 2 "condition" or of the interaction of the factors were not observed (Table 2) . Thus, the increase of heart mass could be related to a compensatory mechanism to volumetric overload, common result of chronic anemia.
During the collection of the biological samples the a macroscopic observation of the liver from PEM and PEM + stress indicated a paler and yellowish organ. In addition, a fat accumulation in intracellular vacuoles with the characteristic displacement of the hepatocyte nucleus to the cell periphery was observed under the microscope, point to hepatic steatosis ( Figures 3C and 3D ). Other frequent observations during the histological analysis of the liver in those PEM animals were Kupffer cell hypertrophy ( Figure 3C -detail) and higher amounts of mononuclear infiltrate composed by lymphocytes, plasma cells and macrophages ( Figure 3D detail), when compared to the control group ( Figures 3A and  3B ). Qualitatively, there was no histological alteration of the liver in groups PEM and PEM + stress ( Figures 3C and 3D) , nor in groups Std and Std + stress ( Figures 3A and 3B) . Regarding the stomach, no differences were observed in the experimental groups, being maintained the integrity of the tissue structures of the animals subjected to the experimental conditions of this study ( Figure 3E-3H) .
Regarding the elevated plus-maze test, the statistical analysis showed only effect of the factor 2 "condition" for anxiety index ( 18 Legend: standard diet (Std); standard diet + stress (Std + stress); PEM diet (PEM) and PEM + stress (PEM + stress). Averages followed by the same letter do not differ from one another by the analysis of variance (two way ANOVA), followed by the Tukey post-test at 5% probability. "Nutrition" factor: Std and PEM; "Condition" factor: non-stress and stress.
0.001) (Figure 3) . Thus, the stressed animals (Std or PEM) presented increase of the anxiety-like behavior characterizing an anxiogenic effect of stress.
Discussion
These present data concerning chronic stress and deficient nutritional status reinforce previously studies where special attention was done to the existence of a direct association between malnutrition status and body mass, because of adaptive processes that take place so that the organism can adjust to adverse nutritional conditions [33] . It is possible that the decrease in body weight observed in malnourished groups (PEM and PEM + stress) is related to the decrease in intake of the diet imposed to them. As discussed by Alves et al. [36] , the skeletal muscle tissue can be an important protein reservoir and becomes a depletion target in protein deficit scenario, causing significant muscle mass loss and consequently body weight loss [37] . Besides, less diet intake leads to a deficiency in calories and micronutrients, even when a hypoproteic isocaloric diet is used instead of the control diet (rodent standard feed).
On the other hand, in this study, no differences were observed between stressed and non-stressed groups under Std or PEM diets, showing that exposure to the chronic stress had no influence in body weight and in food intake. These (A) (B) Figure 2 : (A) Changes in body weight observed in male Wistar rats submitted or not to PEM and induced chronic stress by restriction and (B) food intake during the experimental period. Data expressed in mean ± standard deviation of two experiments conducted independently with 6 rats per group (total, n=12). The statistical analysis was performed using two-way ANOVA with repeated measures with Tukey's test at 5% probability. The arrow in "A" indicates significant difference from the second week on. data contrast with some studies that showed that stress caused decrease in weight gain and in food intake [38, 39] . However, stress effects depend on the type of stress, frequency and duration of the stressor, and also on the age and specie of the animal [40] . Outbred rats are resistant to diet-induced obesity [diet-resistant rats], and when exposure to association of standard feed/hypercaloric diet and restraint stress do not present weight gain. However, when fed with standard feed and subjected to stress, the body weight reduction observed in stressed animals was 66%, when compared to the nonstressed animals [40] . According to Rybkin et al. [41] , another factor that influences the physiological effects on stressed animals is the period of the day in which the stress model is applied. These authors demonstrated that stress by restriction could cause a major effect on the metabolism and energy equilibrium when it is applied in the morning.
According to Macedo [42] , under chronic stress conditions there is continuous stimulation of the adrenal by adrenocorticotropic hormone leading to hypertrophy of these glands. In this present study, we used the weight of adrenal as indirect stress parameter to determine the stress condition in the animals. The effect of factor 2 "condition" (stress exposure) was observed in the relative adrenal gland weight, with increased relative adrenal weights in stressed animals compared with no stressed animals. This result corroborates previous studies that used similar protocols to ours, and showed that exposure to daily restraint stress can cause adrenal gland hypertrophy [31, [43] [44] [45] . Besides, focusing on ; standard diet + stress (Std + stress); PEM diet (PEM) and PEM + stress (PEM + stress). In the rows, averages followed by the same letter do not differ from one another by the analysis of variance (two-way ANOVA), followed by the Tukey post-test at 5% probability. "Nutrition" factor: std and PEM; "Condition" factor: non-stress and stress.
lymphoid organ, the decrease in the relative weight of the thymus observed in PEM and PEM + stress groups indicates thymus atrophy, one of the most striking characteristics of thymic commitment in PEM, with consequent depletion of cortical thymocytes of phenotypes CD + 4 CD + 8 [46] . Interestingly, the increase in the relative weight of the heart in malnourished animals has not been a consensus among different authors. Kothari et al. [47] , studying variations in left ventricular mass and functions in healthy and undernourished children (one to five years old), observed that the left ventricular mass was lower associated to low nutritional status. However, the authors suggest that the significant increase of the left ventricular mass/body mass ratio in the malnourished children may be a compensatory response for the preservation of the systolic functions in atrophic hearts. Instead, Fioretto et al. [48] observed heart, ventricular and body weight loss in young rats, undernourished from birth. Nonetheless, the systolic function in these animals was preserved indicating that malnutrition adverse effects do not affect the heart. Cury et al. [49] also observed that, despite a direct relationship exists between a hypoproteic diet and body and heart weight in Wistar rats, the relative weight of the heart does not change. In this present study, we believe that the increase in the relative weight of the heart in malnourished animals also can be related to the anemia observed in these animals, indexed by the decrease of parameters of the erythrogram.
Few studies proposed the assessment of these hematological parameters in experimental conditions similar to those adopted in our study. However, Amaral [50] showed that PEM causes decreases this parameters in Wistar rats. It is important to note that the hematological profile in nutritional deficiency conditions depends on the duration of PEM, on the protein content and on the micronutrient concentrations of the diets. Recently, we showed that the food restriction imposed to Wistar rats for a short period was not enough to change the same hematological parameters evaluated in this present study [33] .
Regarding white blood cell counts, the stress condition was responsible to reduce total leukocytes, and segmented neutrophils, in particular in those Std + stress and PEM + stress groups. Different studies have proposed that chronic stress can influence the immunological system in different ways and varied activation and regulation routes [51] . Our data point to leukocytosis by neutrophilia, which also was observed in studies involving stress conditions. Prasse et al. [52] , Tvedten [53] and Kociba [54] reported that in stress situations in which fear e excitation are detected, such as venipuncture procedure, an immunological alterations are associated, for example, by the presence of leukocytosis and neutrophilia. Similar effects have also been observed in other chronic stress animal models [55, [57] [58] [59] 65] . However, it seems that there is no overlap of the PEM and stress effects of leukocyte parameters analyzed. Protein-energy malnutrition isolated or under stress condition presented smaller serum total protein concentrations. This data also corroborates with other studies, which point to the importance of a good nutrition in the maintenance of normal plasma protein levels [60] [61] [62] [63] [64] . The analysis of total protein can provide important information that reflects the general state of the organism, as well as in relation to nutritional status and the developing of illness. As discussed by Fontoura et al. [65] , the use of serum protein as a tool to assess PEM is considered an important and reliable meter.
The analysis of the liver reveals the presence of histopathological indicators associated to the PEM, which allow us to infer that the malnutrition protocol was sufficient to promote hepatic alterations in the Wistar rats. However, Coelho [66] have shown some alterations in his study, such as hydropic degeneration, hyperemia of the portal space, sinusoidal congestion, as well as granulomatous reaction, which were not observed in our study. We believe that the time of the PEM diet, as well as the experimental model used, were important factors that explain the particular patterns of our study.
The elevated plus-maze test is based on the exploratory behavior of rodents and their natural aversion for open spaces, which normally cause fear and anxiety [67, 68] . This well-established paradigm has a long and successful history in assessing anxiety-like behavior in rodents [67, [69] [70] [71] . The test takes advantage of the natural tendency of rat to explore novel environments. The rodent is given the choice of spending time in open, unprotected maze arms or enclosed, protected arms, all elevated approximately 1 m from the floor. Rodents tend to avoid the open areas, especially when they are brightly lit, favoring darker, more enclosed spaces. This approach-avoidance conflict results in the behaviors that have been correlated with increases in physiological stress indicators [72] . In contrast, administration of benzodiazepines and other anxiolytic treatments results in increased exploration of the open arms, without affecting general motivation or locomotion [70] .
Our data converge to studies demonstrating that stress in fact induces increase of the anxiety-like behavior in experimental models [73, 74] and in human [75] . In particular, the gender can be an important factor linked to the effects of stress in the organism. Niknazar et al. [74] showed that females presented more robust stress induction on behavioral and hormonal measures than males, and also reduced the expression of BDNF but not TrkB following stress.
These findings suggest that under stress, biological characteristics associated to the gender can promote the differentiation of BDNF. Methylation may be root cause of decreased BDNF levels in females and may underlie susceptibility to pathology development. Therefore, it is suggested that further studies should be developed associating malnutrition and stress, involving males and females and different stressors agents.
On the other hand, there are few studies regarding the relationship between PEM and anxiety. Regarding to humans, Mattar et al. [76] performed a systematic search of literature about the relationship between malnutrition and depression or anxiety, in humans. According to authors, evidence based data is very rare. From the seven reviewed studies, none of them draws the same conclusion. This is mainly due to the large differences in the samples' populations and the studies' protocols. Mattar et al. [76] suggests that future studies are needed to focus on the relationship between depression/anxiety symptoms and PEM. A more critical nutritional assessment should be undertaken with multiple psychological assessment scales. In experimental models, some studies indicate a correlation between PEM and increased anxiety-like behavior. Soares et al. [77] compared the effects of the tactile/handling stimulation (H) and environmental enrichment (EE) in wellnourished (C -16% of protein) and malnourished (M -6% of protein) rats tested in the elevated plus-maze at 36 and 37 days old. The results showed higher exploration of the open arms in the elevated plus-maze in M as compared with C animals, as well as lower index of risk assessment behaviors, and EE, but not H, reversed the alterations produced by malnutrition in the EPM. Biochemical analysis showed higher levels of corticosterone in M when compared with C rats. The non-stimulated animals presented higher levels of polyamines in the hippocampus when compared with the stimulated ones in both diet conditions. These authors also suggest that both the lower anxiety levels and the lower risk-assessment behaviors in the elevated plus-maze, as well as the higher levels of corticosterone, can be due to alterations in the activity of the hypothalamic-pituitary-adrenal axis as the result of early PEM.
More recently, Soares et al. [78] compared glucocorticoid receptor (GR) gene expression in the hippocampus of rats subjected to a low protein, "malnourished" diet (M; 6% protein) or a control, "well-nourished" diet (W; 16% protein), exposed to different environmental stimulation (environmental enrichment, E; no enrichment, N) between postnatal day 8 (P8) and P35. The authors showed that MN rats (M -6% protein and N-no enrichment) spent more time and made more entries into the open arms of the elevated plus-maze compared to W rats. On the other hand, ME rats spent a similar percentage of time, and made a similar number of entries, in the open arms as WN rats. Following the elevated plus-maze test, GR mRNA expression in the hippocampus was different in MN rats compared to W rats; expression was also different between M and ME rats; mRNA and expression of GR receptors in WN rats was similar to that observed in WE rats. These data also show that the effects of PEM on risk assessment in the EPM were reversed by E. Early PEM may alter GR expression in the hippocampus and environmental enrichment may exert a neuroprotective effect on malnutrition-induced brain injury.
On the other hand, we believe that further studies should be performed in order to better elucidate the relationship between malnutrition and anxiety-like behavior. Rocinholi & Landeira-Fernandez [78] showed that PEM alters anxietylike behavior in weanling and young adult, male and female malnourished rats. Weanling malnourished rats exhibited reduced anxiety-like behavior and young adult male rats presented less anxiety-like behavior than young adult female rats in this experimental model.
Conclusions
In conclusion, there was no overlapping/interaction of the anthropometric, biochemical, hematological and histological effects from PEM and chronic stress association, under the experimental conditions used in this study. The effects observed in the Wistar rats were those related to either PEM or stress. The adaptive mechanisms exist that prevent the interaction between PEM and chronic stress in the model studied here, which could enhance negative effects of these illnesses in the organism.
